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The authors report a direct measurement of electron spin relaxation in GaInNAs semiconductor
multiple quantum wells at room temperature. Multiple quantum wells of widths 5.8, 7, and 8 nm
exhibiting excitonic absorption around 1.3 m have been studied. Spin relaxation times were found
to increase with well width in the range of 77–133 ps. The spin relaxation time dependence on ﬁrst
electron conﬁnement energy suggests the Elliot-Yafet mechanism A. Tackeuchi et al., Physica B
272, 318 1999 as the dominant relaxation process. © 2006 American Institute of Physics.
DOI: 10.1063/1.2396901
The dilute nitride alloy GaInNAs has great potential for
optoelectronic applications. The bowing parameter in
N-containing alloys is unusually large; substitution of nitro-
gen for arsenic in Ga1−yInyNxAs1−x decreases the band gap
energy by 0.1 eV per percent of N for x3%.
1 The emis-
sion wavelength of GaInNAs-based devices can thus be tai-
lored to optical ﬁbers communication at 1.3–1.5 m while
staying lattice matched to GaAs. This has advantages over
InP-based systems operating in the same wavelength range,
including realization of devices based on the use of high
refractive index contrast AlGaAs/GaAs Bragg reﬂectors.
Stronger electron conﬁnement in quantum wells is also ex-
pected in the case of nitrides, due to the larger conduction-
band offset ratio of GaInNAs/GaAs compared to GaInAsP.
2
Spin relaxation has been studied at room temperature
RT in a range of low-dimensional III-V semiconductor ma-
terials, particularly GaAs,
3,4 InGaAs,
5 InGaAsP,
6 and more
recently, InGaN.
7 The unusual band structure of narrow band
gap dilute nitrides may have implications for electron spin
relaxation, yet to date little work investigating spin relax-
ation mechanisms in these materials has been published. In
this letter, we present optical time-resolved measurements of
electron spin relaxation as a function of well width in GaIn-
NAs multiple quantum wells MQWs at communication
wavelengths.
A series of three undoped MQW samples was studied,
each comprising ﬁve periods of Ga0.653In0.347N0.0124As0.9876
separated by 20 nm GaAs barriers grown on a 001 n-GaAs
substrate by molecular beam epitaxy, with samples A, B, and
C having nominal well widths of 5.8, 7, and 8 nm, respec-
tively. Pump and probe pulses of 1 ps duration and 82 MHz
repetition rate were produced by a Ti:sapphire-pumped opti-
cal parametric oscillator tuned to wavelengths close to the
respective peaks of the heavy hole excitonic absorptions, as
shown in Fig. 1. Quarter wave plates were used to create
circular polarization. 122 pJ pump pulses generated an esti-
mated carrier density of 1011 cm−2, and were spatially over-
lapped with a weak probe at the sample using a focusing
lens. The pump beam was chopped, and the modulation
transferred to the probe detected using phase-sensitive detec-
tion.
Figure 2 shows results for sample B for same circular
polarization SCP and opposite circular polarization OCP
of the probe relative to the pump. The difference, SCP-OCP,
gives the spin relaxation time and a longer decay due to
carrier recombination. We see that electron spin relaxation
times s are on the same order as the carrier recombination
in the samples studied here. The change in probe transmis-
sion is therefore also dependent on carrier recombination.
The nonzero transmission of the OCP probe at zero time
delay can be attributed to the screening and broadening com-
ponents of excitonic saturation.
8
Due to the lifting of the degeneracy of light and heavy
hole energies at k=0 in quantum wells, the selection rules for
optical transitions allow excitation of 100% spin-polarized
electrons using circularly polarized light resonant with the
heavy hole exciton. Electronic spin polarization is deﬁned as
P = N+ − N−/N+ + N−, 1
where N+ and N− represent populations of spin-up and spin-
down photogenerated carriers, respectively. Upon excitation,
the spin states of these carriers relax to equilibrium produc-
ing equal spin-up and spin-down populations according to
the following rate equations:
aElectronic mail: cr33@st-andrews.ac.uk
FIG. 1. Linear absorption spectra showing the peak of the heavy hole exci-
tonic absorption for samples A 1.26 m, B 1.29 m, and C 1.30 m,
of quantum well widths 5.8, 7, and 8 nm, respectively.
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where r is the recombination time and s the spin relaxation
time. If a circularly polarized pump pulse generates carriers
in the spin-up state, and this state is then probed by a SCP
pulse, the evolution of the population of carriers in this state
is effectively described by Eq. 2. If spin-up carriers are
generated by the pump, but the spin-down state is probed by
OCP light, the change in the population of spin-down carri-
ers with time is given by Eq. 3.
The solutions to the addition and subtraction of Eqs. 2
and 3, respectively, are
S = S0 exp− t/r, 4
D = D0 exp− t/*, 5
where S=N++N−, D=N+−N−, and
*−1= r
−1+2s
−1. 6
Adding the changes in probe transmission as a function
of time delay for SCP and OCP conﬁgurations results in an
exponential decay that can be ﬁtted with Eq. 4. Similarly,
subtracting the change in OCP probe transmission from the
change in SCP transmission results in a decay which may be
ﬁtted with Eq. 5. r and s can then be extracted from the
ﬁts Fig. 3, giving a carrier recombination time and a spin
relaxation time, respectively.
In a quantum well QW, the spin relaxation rate due to
the D’Yakonov-Perel DP process is given by
9–11
1/s =1 6 kBTm*3E1e2p/8, 7
where  is a spin-splitting factor, m* the electron effective
mass, E1e the ﬁrst electron conﬁnement energy in the QW,
and p the electron momentum relaxation time. Previous
studies found the DP process to be the main electron spin
relaxation mechanism in GaAs/AlGaAs MQWs at RT,
4,11,12
while the Elliot-Yafet EY process dominates in
InGaAs/InP MQWs.
11
Tackeuchi et al. modiﬁed the expression for spin relax-
ation rate by the EY mechanism for a QW Ref. 11 and
13–15 as follows, where  is the spin-orbit splitting energy:
1
s

8
9

Eg + 
21−
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m
2E1ekT
Eg
2
1
p
. 8
Spin relaxation rates predicted by the EY process are propor-
tional to the quantum conﬁnement energy E1e. Both DP and
EY theories predict more efﬁcient spin ﬂip for narrower
wells. This was borne out experimentally in this study, with
s of 77, 116, and 133 ps for QW widths of 5.8, 7, and 8 nm,
respectively. These results are consistent with trends ob-
served in other material systems. E1e values were obtained
with an analytical model, using effective masses calculated
using the band anticrossing model for the conduction band,
a n da6 6 Hamiltonian including the inﬂuence of the spin-
orbit band for the valence band.
16 A band offset ratio of
80:20 for GaInNAs MQWs with GaAs barriers was
assumed.
2 The dependence of s on E1e is shown in Fig. 4,
with the gradient of the ﬁtted line suggesting that the EY
process may have signiﬁcance for electron spin relaxation in
this material. No postgrowth annealing was carried out on
these samples, and nitrogen concentration was nominally the
same for all MQWs. However, it is well known that the
incorporation of nitrogen into a GaInAs matrix has a pro-
found effect on the alloy band structure,
17 and that thermal
annealing greatly improves crystal quality.
18 Thermal anneal-
ing is expected to be accompanied by increases in electron
mobility and p, a fact used by Lombez et al. in their inter-
pretation of time-resolved photoluminescence studies on spin
dynamics in dilute nitrides.
19 As p is directly proportional to
s according to EY theory, but inversely proportional to s in
the DP model, a study of spin relaxation times including the
role of nitrogen and the effects of rapid thermal annealing
may yield more insight into spin relaxation in GaInNAs. A
calculation taking into account electron mobilities would be
FIG. 2. Observed change in probe transmission as a function of time delay
for sample B when probe is same SCP and opposite OCP circularly
polarized relative to the pump.
FIG. 3. Sum and difference of SCP and OCP probe transmissions as a
function of time delay for sample B.
FIG. 4. Spin relaxation time as a function of ﬁrst electron conﬁnement
energy for MQW samples C, B, and A.
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In summary, we have investigated electron spin relax-
ation in GaInNAs MQWs at an optical communication
wavelength, as a function of well width and ﬁrst electron
conﬁnement energies, at RT. The observed dependence of s
on E1e suggests that the EY mechanism may have signiﬁ-
cance for spin relaxation in GaInNAs. Future work will con-
sider the effects of varying nitrogen concentration and ther-
mal annealing, in order to more fully appreciate the interplay
of mechanisms responsible for spin relaxation in this mate-
rial.
The authors are grateful to Y. Qiu and J. Rorison for
band structure calculations used in this work.
1S. Tomic and E. P. O’Reilly, Phys. Rev. B 71, 233301 2005.
2M. Hetterich, M. D. Dawson, A. Yu. Egorov, D. Bernklau, and H.
Riechert, Appl. Phys. Lett. 76, 1030 2000.
3A. Tackeuchi, S. Muto, T. Inata, and T. Fujii, Appl. Phys. Lett. 56, 2213
1990.
4R. S. Britton, R. Grevatt, A. Malinowski, R. T. Harley, P. Perozzo, A. R.
Cameron, and A. Miller, Appl. Phys. Lett. 73, 2140 1998.
5A. Tackeuchi, O. Wada, and Y. Nishikawa, Appl. Phys. Lett. 70, 1131
1997.
6D. Marshall, M. Mazilu, A. Miller, and C. C. Button, J. Appl. Phys. 91,
4090 2002.
7S. Nagahara, M. Arita, and Y. Arakawa, Appl. Phys. Lett. 86, 242103
2005.
8S. Schmitt-Rink, D. S. Chemla, and D. A. B. Miller, Phys. Rev. B 32,
6601 1985.
9M. I. D’Yakonov and V. Yu. Kachorovski, Sov. Phys. Semicond. 20,1 1 0
1986.
10G. Bastard and R. Ferreira, Surf. Sci. 267, 335 1992.
11A. Tackeuchi, T. Kuroda, S. Muto, and O. Wada, Physica B 272, 318
1999.
12S. Adachi, T. Miyashita, S. Takeyuma, Y. Takagi, and A. Tackeuchi, J.
Lumin. 72, 307 1997.
13R. J. Elliott, Phys. Rev. 96, 266 1954.
14Y. Yafet, Solid State Phys. 14,11963.
15G. Fishman and G. Lampel, Phys. Rev. B 16, 820 1997.
16Y. Qiu, J. M. Rorison, H. D. Sun, S. Calvez, M. D. Dawson, and A. C.
Bryce, Appl. Phys. Lett. 87, 231112 2005.
17W. Shan, W. Walukiewicz, J. W. Ager, E. E. Haller, J. F. Geisz, D. J.
Friedman, J. M. Olsen, and S. R. Kurtz, Phys. Rev. Lett. 82, 1221 1999.
18W. Li, J. Turpeinen, P. Melanen, P. Savolainen, P. Uusimaa, and M. Pessa,
Appl. Phys. Lett. 78,9 12001.
19L. Lombez, P.-F. Braun, H. Carrere, B. Urbaszek, P. Renucci, T. Armand,
X. Marie, J. C. Harmand, and V. K. Kalevich, Appl. Phys. Lett. 87,
252115 2005.
20W. H. Lau, J. T. Olesberg, and M. E. Flatte, Phys. Rev. B 64, 161301
2001.
211122-3 Reith et al. Appl. Phys. Lett. 89, 211122 2006
Downloaded 21 Mar 2012 to 137.195.178.128. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions